Numerous micro-organisms have been described as cytoplasmic symbionts of eukaryotes. Many so-called obligate endosymbionts rely exclusively on maternal (vertical or transovarial) transmission to maintain themselves, rendering them dependent on the host sex ratio, which they would tend to manipulate to their own advantage. The latter phenomenon is often associated with the presence of Wolbachia pipientis (α-Proteobacteria) in arthropods and nematodes. A potentially similar situation was discovered involving members of a new clade of Verrucomicrobia, another main line of descent in the Bacteria. Nematode species of the Xiphinema americanum group (Nematoda, Longidoridae), viz. Xiphinema americanum, Xiphinema rivesi and Xiphinema brevicollum, each harbour their own specific verrucomicrobial endosymbionts. They are exclusively maternally inherited and their hosts reproduce by thelytokous (mother-to-daughter) parthenogenesis, males being extremely rare. A new genus, ' Candidatus Xiphinematobacter ' gen. nov., along with three new candidate verrucomicrobial species, ' Candidatus Xiphinematobacter americani ' sp. nov., ' Candidatus Xiphinematobacter rivesi ' sp. nov. and ' Candidatus Xiphinematobacter brevicolli ' sp. nov., are described on the basis of transmission electron microscopy, scanning electron microscopy, DAPI (4',6-diamidino-2-phenylindole) epifluorescence microscopy and 16S rDNA sequence analysis. These are the first endosymbiotic species described among the Verrucomicrobia. They share a mean 16S rDNA similarity of about 93 %, whereas similarity to their closest relative, clone WCHD3-88, is less than 87 %. Thus, the endosymbionts form a homogeneous clade for which the new candidate genus ' Candidatus Xiphinematobacter ' gen. nov. is proposed. The type species is ' Candidatus Xiphinematobacter brevicolli ' sp. nov. unculturability of many of them. Molecular characterization of such organisms, bypassing the need for their cultivation (Amann et al., 1995), was facilitated to a great extent with the advent of PCR (Saiki et al., 1988) and automated sequencing technology (Embley, 1991 ; Hiraishi, 1992 
INTRODUCTION
The taxonomic and phylogenetic study of intracellular micro-organisms has long been hampered by the 
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DAPI, 4h,6-diamidino-2-phenylindole ; SEM, scanning electron microscopy ; TEM, transmission electron microscopy.
The GenBank accession numbers for the 16S rDNA sequences of ' Candidatus Xiphinematobacter americani ' sp. nov., ' Candidatus Xiphinematobacter rivesi ' sp. nov. and ' Candidatus Xiphinematobacter brevicolli ' sp. nov. are AF217460, AF217461 and AF217462, respectively. unculturability of many of them. Molecular characterization of such organisms, bypassing the need for their cultivation (Amann et al., 1995) , was facilitated to a great extent with the advent of PCR (Saiki et al., 1988) and automated sequencing technology (Embley, 1991 ; Hiraishi, 1992) . The 16S rRNA genes of fastidious and uncultured bacteria have increasingly been subjected to culture-independent phylogenetic analysis and scientists have discovered a wealth of novel bacterial diversity (Kuske et al., 1997 ; Hugenholtz et T. T. M. Vandekerckhove and others al., 1998 a ; Dojka et al., 1998) . A huge number of intracellular (cytoplasmic) endosymbionts have now become readily accessible to this type of analysis (Eisen et al., 1992 ; Werren et al., 1994 ; Amann et al., 1995 Amann et al., , 1997 Bianciotto et al., 1996 ; Krueger & Cavanaugh, 1997 ; Haygood & Davidson, 1997 ; O'Neill et al., 1997 and references therein).
A special class of cytoplasmic bacteria, composed of mainly weak parasites and mutualists, can be maternally transmitted. Their strategy is to invade the female's ovarial tissue at least during the time of reproduction, perpetuating the microbial population in following host generations. The microbes may also reside in male descendants and their gonadal cells ; however, nearly all cytoplasm is discarded during spermiogenesis, implying a dead end for cytoplasmic micro-organisms in male hosts. Therefore, maternally inherited micro-organisms are thought to gain a selective advantage when able to drive the host's offspring sex ratio towards a female bias. Microorganismal manipulation of the host's sexuality has been a major point of interest in recent years, due to the applicability to biological pest control (Bourtzis & O'Neill, 1998) and the extraordinary findings about the α-Proteobacteria member Wolbachia pipientis (O'Neill et al., 1997 ; Hoerauf et al., 1999) . The latter may transform genetic males into functional females, enhance host fertility and induce cytoplasmic incompatibility and thelytokous (mother-to-daughter) parthenogenesis. A vast number of arthropod species belonging to diverse classes (Hexapoda, Crustacea and Arachnida) have been shown to carry wolbachiae (O'Neill et al., 1997) . This is also the case for several filarial nematodes (Sironi et al., 1995 ; Bandi et al., 1998) .
Within the Verrucomicrobia, a recently discovered bacterial division (Liesack & Stackebrandt, 1992 ; Ward-Rainey et al., 1995) comprising mainly freshwater (Staley et al., 1976 ; Schlesner, 1987) and soil organisms (Janssen et al., 1997 ; Kuske et al., 1997 ; Hugenholtz et al., 1998 a ; Dojka et al., 1998 ; Felske et al., 1998 ; O'Farrell & Janssen, 1999) , we found three members of a novel clade, each specifically associated as cytoplasmic symbionts with three species of the Xiphinema americanum group (Nematoda, Longidoridae), i.e. Xiphinema americanum, Xiphinema rivesi and Xiphinema brevicollum. In contrast to other Xiphinema species which are uninfected and reproduce either sexually or through parthenogenesis, depending on the species, all Xiphinema americanum-group species reproduce by thelytokous parthenogenesis and the verrucomicrobial endosymbionts are maternally inherited (Coomans et al., 2000) . Males of these three species are very rare. TEM (transmission electron microscopy), SEM (scanning electron microscopy), DAPI (4h,6-diamidino-2-phenylindole) epifluorescence microscopy and 16S rDNA sequence analysis were performed to characterize the three novel candidate verrucomicrobial species.
METHODS

Nematodes.
Samples of parthenogenetic all-female populations of three Xiphinema americanum-group species were collected in the eastern United States (Xiphinema americanum and Xiphinema rivesi) and South Africa (Xiphinema brevicollum). They were stored at 4 mC in their natural medium. The nematodes were extracted from soil by the centrifugal-flotation method using a non-toxic silica gel (Ludox AS). Adult females were picked up with a fine pipette and separated from the debris and soil particles with a fine glass needle, whereupon they were transferred to tap water in embryo cupules for further handling. TEM. Adult females were placed in an ice bath for a few minutes to relax. Then they were killed and fixed, following the method of Coomans & Claeys (1998) , in ice-cooled fixative composed of 1 % paraformaldehyde, 1n75 % glutaraldehyde and 1n5 % acrolein in 0n1 M sodium cacodylate buffer (pH 7n2). After 30 min, the nematodes were transferred to the fixative minus acrolein and cut into pieces (to facilitate penetration of the fixative) roughly 200-300 µm long, each piece containing one branch of the genital system. Then, the pieces were incubated for approximately 15 h in complete formula fixative at 4 mC, whereupon they were rinsed in 0n1 M sodium cacodylate buffer for 8 h. Postfixation was in 2 % osmium tetroxide in 0n2 M sodium cacodylate buffer for 36 h and was followed by an en bloc staining of 1 h in 2 % uranyl acetate. The specimens were dehydrated in a graded ethanol series and embedded in Spurr's resin. Ultrathin sections were made on a ReichertJung Ultracut S microtome and picked up on Formvarcoated copper slot grids. The sections were post-stained in an LKB Ultrostainer, for 30 min in uranyl acetate at 40 mC and 5 min in lead stain at 20 mC. The preparations were examined with a JEOL JEM 1010 operating at 80 kV. SEM. Whole nematodes from permanent preparations were transferred into a drop of glycerine in an embryo cupule. Then they were cut with a fine scalpel in the region of the ovaries to expose the bacteria. Distilled water was added in drops until the nematodes were in pure distilled water. They were subsequently dehydrated through an ethanol gradient of 30, 50, 75 and 95 %, followed by an overnight dehydration in 100 % ethanol. Drying was accomplished by the critical point drying procedure using CO # . Dried nematodes were placed on self-adhesive conducting aluminium tape and gold-coated. The specimens were studied under a JEOL JSM 840. DAPI fluorescence microscopy. Xiphinema brevicollum individuals were fixed for 10 min in 50 % (v\v) acetic acid. After three rinses of 5 min in tap water, the animals were transferred to clean microscope slides. A drop of DAPI (1 µg ml V ") was added to bind specifically to double-stranded DNA, the preparation was covered, sealed and viewed under a microscope (Leitz Laborlux S) equipped with epifluorescence optics in 360 nm UV light. Surface-sterilized nematodes (described below) were also prepared for DAPI fluorescence microscopy, yielding similar images. DNA purification. This was carried out independently by two of us on different Xiphinema species. All materials used were sterile. The nematodes were surface-sterilized (1 min) in a 5% (v\v) solution of commercial Dettol, followed by two rinses (2 min each) in sterile physiological water (0n85 %, w\v, NaCl). This procedure was repeated to achieve thorough sterilization. Whole DNA was prepared from a total of 18 adults (or their dissected ovaries in the case of Xiphinema rivesi) using the Puregene DNA isolation kit (Gentra Systems, purchased from BIOzym), designed for animal tissues and Gram-negative bacteria, according to the manufacturer's protocols with slight modifications, taking into account the small scale of the preparation and extending the time for cell lysis to 0n5 h at 85-90 mC. The same method was applied to (i) an Escherichia coli K-12 strain as a positive control and (ii) a sample from the nematode stock from which all animals and eggs had been manually removed as a negative control. The quality and quantity of DNA samples was assessed after electrophoresis on standard agarose gels stained with ethidium bromide.
PCR amplification of endosymbiont 16S rDNA. Duplicate PCR reactions were run in a Perkin Elmer Gene Amp 9600 PCR System, in 50 µl volumes containing 1n5 mM MgCl # , 40 µM each dNTP, 1 µl each primer (200 ng µl V "), 5 or 10 µl (Xiphinema samples and negative control) or 0n5 µl (E. coli K-12 : positive control) template DNA and 1 Unit AmpliTaq DNA polymerase (Applied Biosystems). The reaction profile was adopted from Vandekerckhove et al. (1999) . The universal bacterial primers 5h-AGAGTTTGATCCTGGC-TCAG-3h (E. coli position 8-27, according to Brosius et al., 1978) and 5h-AAGGAGGTGATCCAGCCGCA-3h (1541-1522) succeeded in amplifying the nearly complete 16S rDNA from the Xiphinema template as well as E. coli, but not from the negative control sample, not even with varying amounts of template, indicating that potentially contaminant bacteria or their DNA had been successfully removed and the Xiphinema PCR product was of endosymbiont origin. PCR products were detected on agarose gels with ethidium bromide and those of nematode origin were subsequently purified using the QIAquick PCR purification kit and protocol (Qiagen), whereupon they were again electrophoresed for a final quality control as described above.
Cycle sequencing and sequence assemblage. Purified PCR products were sequenced directly as described by Vandekerckhove et al. (1999) . From a set of eight internal 16S primers to conserved regions (E. coli positions 339-358, 519-536, 1093-1112, their respective reverse strands, and 908-926 and 1222-1241), only the reverse 358-339 did not work. Partial sequences were determined with a Perkin Elmer ABI PRISM 310 Genetic Analyzer and manually assembled into nearly complete 16S rDNA sequences.
Phylogenetic analysis. A GenBank  search (Altschul et al., 1997) proved the Xiphinema bacterial sequences to be most similar to strain WCHD3-88 (Dojka et al., 1998) , a recently discovered representative of the Verrucomicrobia. A pre-aligned set of verrucomicrobial 16S rRNA sequences was retrieved from the rRNA WWW server (University of Antwerp, Belgium) at http :\\rrna.uia.ac.be\index.html, in addition to several outgroup sequences to facilitate further alignment. To this set were appended our Xiphinema endosymbiont and other verrucomicrobial 16S rRNAs downloaded from GenBank. The software  (De Rijk & De Wachter, 1993 ) was used to automatically align (with manual corrections) the sequences, taking into account the rRNA secondary structure (Woese et al., 1983) . Short sequence entries were excluded to obtain a final alignment 1354 homologous positions (gaps included, covering about 75 % of the 16S rDNA) and containing 40 sequences. This alignment was imported into the  1.3 package (Van de Peer & De Wachter, 1997) , where distances were calculated by the substitution rate calibration method (positions that are absolutely conserved taken into account ; 3 iterations ; P l 0n92) and taking into account insertions and deletions. The phylogenetic dendrogram was inferred by means of the neighbour-joining algorithm (Saitou & Nei, 1987) , rooted by Pyrodictium occultum and bootstrapped (Felsenstein, 1985) 500 times.
RESULTS
Electron microscopy
In adult females the endosymbionts are clustered around the developing oocytes and are embedded mainly inside the epithelial wall cells of the ovaries (Fig. 1 b) . The outer part of the ovarial wall is very thin and can be easily disrupted by dissection, exposing the bacteria under SEM (Fig. 1 d) . Full-grown cells are rod-shaped with rounded ends, 0n7-1n0 µm wide and 2n1-3n2 µm long on TEM observations, but slightly longer when viewed by SEM. Their cell envelope is often trilaminar (Fig. 1 f ) , consisting of, from the inside to the outside, the cytoplasmic membrane, the most electron-dense outer membrane of the Gramnegative wall and a vacuolar membrane, the latter most probably of host origin and not always present (Fig. 1 e) . A similar three-layered arrangement can be found in numerous other intracellular bacteria, e.g. Wolbachia (Vandekerckhove et al., 1999) . There is no clear evidence of a peptidoglycan layer in the periplasmic space, but a hexagonally arrayed monolayer of 10 nm protein units has been reported from some Xiphinema americanum symbionts (Coomans & Claeys, 1998) . Few of the bacteria are taken up by the oocytes themselves, but their number increases during maturation until several hundred are enclosed inside the egg. The symbionts multiply by unipolar growth followed by constriction (Fig. 1 c) , daughter cells often remaining in close serial apposition as is best seen in fluorescence images (Fig. 1 a) . Another feature is the arrangement of the nucleoid (Fig. 1 c) , resembling the apical chromatin-like nucleoid of the verrucomicrobial ectosymbionts of the ciliate Euplotidium (Petroni et al., 2000) . Judging from the number of dividing bacteria found in TEM sections, it seems that their rate of division inside the mature oocyte is considerably higher than in the ovarial wall and in the growing oocytes. Hundreds of preparations from almost every developmental stage of the host revealed neither bacterial flagella nor spore-like structures.
DAPI fluorescence microscopy
In Fig. 1 (a) , the endocytic bacteria are visualized by the DNA-specific DAPI stain for UV-fluorescence microscopy. As judged by size, shape and appearance reported from TEM and SEM observations, the Xiphinema endosymbionts are easily recognizable and most abundant just underneath the outer surface of the host ovaries. However, the bacteria in Fig. 1 (a) are those populating gut cells. There is no evidence of an intestinal flora ; actually, not a single bacterial cell was found in the gut lumen, which can be easily understood from the nematodes feeding mode as Xiphinema species ingest predigested plant cell contents using a stylet 
Fig. 2.
16S rDNA-based neighbour-joining tree reflecting the phylogenetic relationships among the Verrucomicrobia and some higher order lineages which were included to facilitate alignment. GenBank accession numbers are indicated for each strain and uncultured species are written in bold. The three new candidate species belonging to ' Candidatus Xiphinematobacter ' gen. nov. are preceded by an asterisk. Distances (indels taken into account) were computed using the substitution rate calibration method in TREECON 1.3. Bootstrap values above 55 are displayed and represent the percentage support for a cluster out of 500 replicates. The tree was rooted by Pyrodictium occultum. V1-V6, verrucomicrobial subdivisions, according to Hugenholtz et al. (1998b) except V6 ; P and C, Planctomycetales and Chlamydiales, respectively. with a very fine opening. Neither did we find any epibiotic bacteria on the cuticle of surface-sterilized animals. A remarkable feature of the endosymbiont cells is the concentration of their genetic material at one pole, often with a second DNA-rich region at the opposite pole which is usually observed budding off ( Fig. 1a ; but also apparent from TEM micrographs in Fig. 1b, c) .
16S rDNA phylogenetic analysis
A neighbour-joining dendrogram depicting the phylogenetic relationships between the Verrucomicrobia is shown in Fig. 2 . Although the verrucomicrobial subdivisions (according to Hugenholtz et al., 1998b) are very well supported by bootstrap analysis, the deeper branches joining the bacterial divisions are not. Actually, in one analysis (Hugenholtz et al., 1998a) the Planctomycetales fell outside the ChlamydialesVerrucomicrobia grouping. The Xiphinema endosymbionts cluster together within subdivision 2 (Hugenholtz et al., 1998b) in a well defined homogeneous manner, their mean internal 16S rDNA distance being less than 7 % and the mean distance to closest neighbour WCHD3-88 being over 13 %. Although fluorescent in situ hybridization was not T. T. M. Vandekerckhove and others performed to confirm the nature of the symbionts, the possibility of soil contaminants can be ruled out in the light of the consistent results obtained from the manysided approach in this study, one of the most trustworthy actually being the discovery of verrucomicrobial 16S sequences in dissected ovaries of Xiphinema rivesi. Besides, it would be most exceptional to find solely closely related verrucomicrobial species as soil contaminants.
DISCUSSION
TEM observations of symbionts of Xiphinema americanum have been published by Coomans & Claeys (1998) and Coomans & Willems (1998) . Here we provide additional information with two more species of the Xiphinema americanum complex, i.e. Xiphinema rivesi and Xiphinema brevicollum. Furthermore we provide the first SEM and fluorescence micrographs of the symbiont bacteria within these species. With molecular taxonomic methods we were able to identify the symbionts as belonging to subdivision 2 (Hugenholtz et al., 1998b) of the Verrucomicrobia. Like their relatives, the Planctomycetales and the Chlamydiales, and also like several other obligately intracellular bacteria (e.g. Rickettsiales), they can be considered wall-less in that they do not exhibit a TEM-discernible peptidoglycan layer in their otherwise Gram-negative envelope. Neither do prosthecae (Staley et al., 1976 ; Schlesner, 1987) occur, but like several members of the Verrucomicrobia known hitherto, they multiply by forming new cellular components at one pole of the mother cell (Fig. 1a, c) . The observation in the endosymbiotic Verrucomicrobia of hexagonally arranged 10 nm protein molecules internal to the outer membrane (Coomans & Claeys, 1998) , and very similar to those of Chlamydia (Moulder, 1984) , corroborates the presumed relatedness of these bacterial phyla. In the J " stage (juvenile nematode enclosed inside eggshell) symbionts were seen having a wrinkled, pleomorphic appearance (Coomans et al., 2000) , a condition consistent with the absence of a rigid wall component. Apparently, intracellular micro-organisms from diverse origins convergently developed this feature.
As viewed with the fluorescence microscope upon sterilization, there are no microbes whatsoever on the external surface or in any Xiphinema tissues except the ovarial and intestinal epithelia. Within mature oocytes they are mainly found in the outer part of the cytoplasm. However, in the egg they tend to concentrate at one pole, most probably the part that later on will give rise to the E stem cell (gut founder cell), since the symbionts occur in the intestinal cells of juveniles and only later invade the ovaries (Coomans & Willems, 1998 ; Coomans et al., 2000) so as to access the vertical transmission pathway.
Not only do the Xiphinema micro-organisms belong to a separate lineage within the Verrucomicrobia, in addition they form quite a homogeneous cluster, allowing us to keep them apart as a clade of uniquely endosymbiotic bacteria having a strict maternal (vertical) transmission, a condition unknown in the remainder of the Verrucomicrobia. However, the chlamydiae, albeit rather distantly related, also have an intracellular way of life, yet a horizontal transmission mode consisting of elementary bodies breaking out of the host cell to reinfect new ones (including cells from new hosts), where they would grow into reticulate bodies (Fields & Barnes, 1992) . These distinct transmission modes are hardly surprising, for apparently the capacity of invading eukaryotic cells originated several times independently along the Chlamydiales-Planctomycetales-Verrucomicrobia lineage. The order of division-level divergence along the latter remains unclear, owing for the most part to limitations in the phylogenetic resolution of 16S rRNA genes.
If we assume a main 16S rDNA sequence divergence of approximately 1-2 % per 50 million years (Ochman & Wilson, 1987 ; Moran et al., 1993) , the infection in the common Xiphinema ancestor would have originated before 100-140 million years ago, in the Jurassic, at which time the Xiphinema brevicollum lineage diverged. The other two would have diverged some 50-70 million years later, at the end of the Cretaceous. Indeed, Xiphinema americanum and Xiphinema rivesi are more closely related to each other than either is to Xiphinema brevicollum, and Xiphinema americanum-group speciation is likely to have occurred during the Jurassic and the Cretaceous (Coomans, 1987 (Coomans, , 1996 Halbrendt et al., 1997) . Evidence for horizontal transfer of the Xiphinema endosymbionts via the environment is lacking. By contrast, the vertical transmission route and the obligate character of the endosymbiosis are all the more obvious from the microscopic observations (Coomans et al., 2000) , as well as the phylogenetic analysis, indicating a long and stable history of endosymbiosis resulting in long-term cospeciation and, consequently, congruent phylogenies of hosts and symbionts. Such bacterial invasions are often attended by a reduction of the endosymbiont's own functions, which is best exemplified by Chlamydiales (Fields & Barnes, 1992) , mitochondria (Brennicke et al., 1993) , chloroplasts (Sugiura, 1992) and hydrogenosomes (Akhmanova et al., 1998) having the smallest bacterial genomes known, hardly or not at all detectable by means of DAPI fluorescence microscopy. However, the bright fluorescence of the Xiphinema microbes upon treatment with DAPI (Fig. 1a) shows that they have not undergone significant reduction as yet.
Vertical transfer as a means of Xiphinema endosymbiont perpetuation led to adaptations in hostsymbiont interaction in various respects. Most peculiar may be the effect of the symbionts on host reproduction. Assuming no other transmission mechanism but vertical, the bacteria would tend to evolve towards the capability of manipulating their host's sex as mentioned above. From this point of view, it is striking that the verrucomicrobial endosymbionts are only Endosymbiotic Verrucomicrobia in nematodes found in parthenogenetic Xiphinema species belonging to the Xiphinema americanum group. All other Xiphinema species, amphimictic as well as parthenogenetic ones, are free of endosymbionts. It has been postulated (Coomans & Willems, 1998 ) that the symbionts induce thelytokous parthenogenesis in their nematode hosts, in spite of the fact that hitherto, induction of parthenogenesis has been ascribed exclusively to the rickettsial relative Wolbachia pipientis (Stouthamer et al., 1990 ; Zchori-Fein et al., 1992 , 1995 Pijls et al., 1996) , an obligate intracellular species infecting Nematoda and Arthropoda.
Since the highest 16S rDNA similarity rate among Xiphinema endosymbionts is only 96n85 % (between those of Xiphinema americanum and Xiphinema rivesi), each infected Xiphinema species should be considered to be carrying its own specific endosymbiotic bacterial species. Moreover, the three new species can be gathered into a new bacterial genus as described below on the grounds that the mean distance to their closest relative, clone WCHD3-88 (Dojka et al., 1998) , is as high as 13n44 %.
Description of ' Candidatus Xiphinematobacter ' gen. nov.
Xiphinematobacter (Xi.phi.ne.ma.to.bachter. Gr. neut. n. Xiphinema the generic name of the host organism, gen. Xiphinematos, stem Xiphinemat-; Gr. connecting vowel o ; N.L. masc. n. bacter the equivalent of Gr. n. neut. baktron a rod ; N.L. masc. n. Xiphinematobacter the rod-shaped microbe associated with Xiphinema).
Gram-negative, non-motile, non-sporulating, rodshaped bacteria with rounded ends, belonging to subdivision 2 of the Verrucomicrobia on the basis of their 16S rDNA sequence, but lacking the characteristic prosthecae found in Verrucomicrobium spinosum and Prosthecobacter fusiformis. The cell wall does not contain a TEM-discernible peptidoglycan layer, but a hexagonally arrayed monolayer of 10 nm protein units may be attached to the internal face of the outer membrane. Cells are bounded by a two-or three-layered envelope, consisting of the bacterial plasma membrane, an intensely electron-dense outer membrane and the surrounding vacuolar membrane (sometimes absent) of the host. The bacteria measure 0n7-1n0 µmi2n1-3n2 µm (TEM) and multiply by unipolar growth followed by constriction, daughter cells often occurring as serial pairs. Nucleoid often concentrated into one or two polar chromatin-like clumps distinguishable by TEM or DAPI. Bacteria live as obligate cytoplasmic symbionts with maternal transmission in nematodes of the Xiphinema americanum group (Nematoda, Longidoridae), where they first populate the gut epithelium and only later infect the ovaries in great numbers, especially the ovarial wall cells. Xiphinematobacter are presumed to induce thelytokous parthenogenesis in their hosts. Type species is ' Candidatus Xiphinematobacter brevicolli ' sp. nov. The internal 16S rDNA distance between the endosymbiont species is approximately 7 %, whereas the closest relative, clone WCHD3-88, is more than 13 % distant, on average. Fig. 1 in this paper may serve to illustrate morphological characters pertinent to the classification, in the genus ' Candidatus Xiphinematobacter ' gen. nov., of the following three species : ' Candidatus Xiphinematobacter brevicolli ' sp. nov., ' Candidatus Xiphinematobacter americani ' sp. nov. and ' Candidatus Xiphinematobacter rivesi ' sp. nov.
Description of ' Candidatus Xiphinematobacter brevicolli ' sp. nov.
Xiphinematobacter brevicolli (bre.vi.colhli. L. gen. neut. adj. brevicolli of the brevicollum species, i.e. lives in the species Xiphinema brevicollum).
Characteristics as for the genus, of which it is the type species. Specific host is the nematode Xiphinema brevicollum, with which it has established the oldest of the three symbioses. It shares a mean corrected 16S rDNA identity with ' Candidatus Xiphinematobacter americani ' sp. nov. and ' Candidatus Xiphinematobacter rivesi ' sp. nov. of about 90 %. 16S rDNA sequence GenBank accession number : AF217462.
Description of ' Candidatus Xiphinematobacter americani ' sp. nov.
Xiphinematobacter americani (a.me.ri.cahni. L. gen. neut. adj. americani of the americanum species, i.e. lives in the species Xiphinema americanum).
Characteristics as for the genus. Specific host is the nematode Xiphinema americanum. Closest relative is ' Candidatus Xiphinematobacter rivesi ' sp. nov., having a 16S rDNA sequence 3n15 % distant. 16S rDNA sequence GenBank accession number : AF217460.
Description of ' Candidatus Xiphinematobacter rivesi ' sp. nov.
Xiphinematobacter rivesi (ri.vehsi. N.L. gen. masc. n. rivesi of Rives, i.e. lives in the species Xiphinema rivesi).
Characteristics as for the genus. Specific host is the nematode Xiphinema rivesi. Closest relative is ' Candidatus Xiphinematobacter americani ' sp. nov., having a 16S rDNA sequence 3n15 % distant. 16S rDNA sequence GenBank accession number : AF217461.
